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SUMMARY 


An invGSti nation has boon conducted in the Lanqiey 7- by 10-foot tunnel to 
detennine the influence of an optimized leadinn-edqe deflection on the low-speed 
aerodynamic performance of a conf Iquration with, a low-aspect-ratio, hiqhly swept 
winq. Tests have also been conducted to determine the sensitivity of the 
lateral-stability derivative i^i^) ta qeometric anhedral. 


The optimized leadinq-edqe deflection was developed by aliqninq the leadinq 
edqe with the incominq flow alonq the entire span.. Owing to the spanwise varia>- 
tion of upwash, the resulting optimized leading, edge was a smooth., continuously 
warped surface for which the deflection varied from 16° at the side of body to 
50° at the wing tip. For the particular configuration studied, levels of 
leading-edge suction on the order of 90 percent were achieved with the smooth, 
continuously warped leading-edge contour.. Attempts to approximate this smooth 
contour by a series of discrete deflections of a multi-sggmented leading-edge 
system resulted in substantial increments in drag. The drag increments, intro- 
duced by the surface discontinuities of the multi-segmented system, markedly 
reduced the aerodynamic performance. 


Deflecting the leading edge was found to provide a favorable reduction 
in the inherently high level of ^Ip. Comparison of ' experimental results with 
simple theoretical estimates of DCj^/DCl shows that excellent correlation 
exists for conditions of attached flow. Furthermore, the results of tests con- 
ducted to determine the sensitivity of Cj,, to geometric anhedral indicate 

values of /OP which are in reasonable agreement with estimates provided by 
simple vortex-Hattice theories. 


INTRODLICTON 

The National Aeronautics and Space Administration is currently 
investigating the aerodynamic characteristics of advanced aircraft concepts 
which are capable of cruising efficiently at supersonic speeds. These conceo- 
tual designs are representative of future generation commercial and military 
vehicles and incorporate wing sweeps on the order of 70° to RO®. (See, for 
example, refs. 1 and 2.) Unfoi'tunately, owing to the high winq sweeps, such 
configurations have traditionally exhibited unacceptable low-speed charac- 
teristics. The most sionificant of these unacceptable characteristics beino 
deficiencies in low-speed performance and excessively high levels of effective 
dihedral (Cip). The present investigation is part of the Swept-Wing Aerodynamic 

Tcclinology (SWAT) effort. This effort is intended to yield fundamental infor- 
mation necessary to provide highly swept-wing designs with acceptable low-speed 
characteristics. 


Previous low-speed studies with n conf inuratlon hnvinn the &?.nie wine 
geometry as the present model are reported In references 3 to 6, The present 
study was specifically Intended to: (1) provide an assessment of the aerodynamic 
performance benefits which could be achieved with a suitably optimized leadinq 
edge; and [d) determine the sensitivity of the lateral-stability derivative 
(C 2 g) to geometric anhedral. 


£ were conducted in the Langley. 7- by 10-foot tunnel over an angle- 

of-attack range from about -6° to 15° for sideslip angles of 0® and +5®. The 
tests were conducted at a Reynolds number (based on the wina mean aerodynamic 
chord) of about 2.8 x lOb. 


SYMROLS 


n 4 . .jo'^ditudinal data are referred to the stability system of axes, and the 
lateral-directional data are referred to the body system of axes as Illustrated 
in figure 1. The moment reference center for the tests was located at 59.166 
percent of the wing-reference mean aerodynamic chord. The wing-reference area 
and rBTGrGncG rriGan aGrodynainic chord arG basGd on thG w1np planform which results 

Inboard (74°) leading-edge sweep angle' and the outboard 
(41.4570) trailing-edge sweep angle to the model center line. (See fig. 2.) 


The dimensional quantities herein are given In both the International 
System of Units (SI) and the U.S. Customary Units. 


Afus fuselage cross-sectional area, m^ (ft.2) 

AR aspect ratio 


b wing span, m (ft) 

Cp drag coefficient, Drag/gS^ef 

Cp^. induced drag coefficient 

^f^min minimum drag coefficient 

^f^svm coefficient of equivalont configuration without twist and camber 

^ at zero lift 


Cl lift coefficient, L1ft/qSpf,f 

C rolling-moment coefficient, Rolling moment/gSpefb 

Cm pitching-moment coefficient. Pitching moment/qSrefC 

Cfi yawing-moment coefficient. Yawing moment/nSrefb 

Cy side-force coefficient. Side force/qS^^ef 

c reference mean aerodynamic chord, m (ft) 
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q froe-stream dynamic pressure, Pa (Ibf/ft^) 

S leadinq-edqe suction parameter 

S)^ef reference winq area, jii^ (ft^) 

X,Y,Z body axis coordinates 

^fus fusel aqe body station, oriqin at nose, positive rearward, m (ft) 
anqle of attack, deq 
8. anqle. of sideslip, deq 

r increment in qeometric anhedral, relative to the basic winq geometry, 

at span station y,, deq 

fT,r 2 increment in qeometric anhedral, relative to the basic winq geometry, 
at .span, stations y| and y2, respectively, deg (see fig. 2(a)), 

leadinq-edqe deflection, positive when leading edge is down,, deg 

e upwash anqle, deq 

? X-Y projection of the included anqle between the local flow direction 

at the leading edge and a ray normal to. the leadinq-edqe hinqe line, 
deq (see fig. 1) 

Derivatives: 

' SC^/Sa, per degree 
^23 = 302 / 88 , per decree 
Cng = 3Cr|/38 , per decree 
Cyg “ 3 Gy/ 38 » per degree 


MODEL 

The dimensional characteristics of the model used in the present study are 
listed in table 1 and shown in figures 2 and 3. The wing geometry is in confor- 
mance with the cruise shape geometry defined in reference 7. A photograph of 
the model in .the Langley 7- by 10-foot tunnel is presented in figure 4. 

Previous studies with conf icurations having the same winq oeometry as the 
present model are reported in references 3 through 6. The present study was 
intended to- address generic problems associated with hichly swept wines; 
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consequently the inodol did not incorporate either nacelles or. an aft fuselane 
The model-did» however, incorporate a imilti-seomented leadinq edoe which 
permitted continuously variable deflections from 0° to 60° about the 70 608° 
line. (See fiq. 2 .) Tin’s particular hinqe line was selected, to 
allow a direct comparison with results from reference 5. The model further 
incoi’porated anhedral breaks at span stations .V/h/? = 0.P34 and 0 736 which 
permitted the inclusion of additional qeometric aShldral 


TESTS ANP CORRECTIONS 

The investioation was conducted in the Lannley 7- by. 10-foot hiqh-speed 
tunnel. (See ref. 8 for a description, of the tunnel.) Forces and moments 
were^measured with a standard six-component strain-oaoe balance mounted inter- 
'/oo tests were conducted at a dynamic pressure of 1436.4 Pa 

JU iDT/ft^). This value of dynamic pressure resulted in a Reynolds number 
(based on. the winq mean aerodynamic chord) of 2.8 x 10^ at a correspondinq 
Mach number of 0.14. The angle of attack ranged from about -6° to 15° for 
sideslip^angles of 0° and +5°. Both angle of attack and sideslip heve been 
CO) rected for the effect o7 stinq and balance bending under aerodynamic load. 

4.U corrected for jet-boundary and blockage effects using 

the methods outlined in reference 9 and 10, respectively. Balance chamber 
pressure and model base pressure were measured and the drag measurements 
adjusted to correspond to conditions of frce-stream static pressure actina 
over the base of the model . 


In accordance with the method of reference 11, 0.16 cm (0.0625 in.) wide 
transition strips of no. 70 carborundum orains were placed 3.81 cm (1.5 in.) 
aft of the leadinq edges of the wine and outboard vertical tails. Similarly 
no. 80 carborundum orains were placed 3.81 cm (1.5 in.) aft of the model nosL 


PRESENTATION OF RESULTS 

A run schedule and tabular list Inn ot data arc provided in the data 
supplement at the end of this repoi't. The results and discussion are pre- 
sented in accordance with the followinn outline; 


Page Figure 

Longitudinal aerodynamic charactei'istics 

Configuration v/ith undeflectcd leadinq edge 5 

Effect of leading-edoe deflection 5 7-16 

Lateral -directional characteristics 

Configuration with undeflected leadinq edne 9 17 

Effect of leadinq edge deflection 9 18-19 

Effect of geometric anhedral 10 !!!!. *!!!.* 20-22 
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RESULTS AND niSCUSSION 


^ K)0R 


Wfti, hl"hii^*™Jt'SsPH,e?c‘fIIre associated 

nace les or on aft fuse aqe In orte? t^m^oofa'' incorporate either 
possible effects such conf iour^tinn .n. ! P’ o^ide some insight into the 
titles, suitable comparisons are imHp *i3ve on absoluate quan- 

a mode) which had the sm^winroS^et^o <inta obtained for 

and an aft fuseiaqe (see ref 5)' it (wAi *’^od both underwing naceiies 

tion to the obvious naci) l and aft '''' "““''cr, that^'n lid ! 

reference 5 incorporated a fuselaw wi ‘he iode) of 

distribution (see fin 31 in !o ^ ^ fiifferent cross-sectional 

model and the model of rlference s'Tnd fuselages of both the present 

L'l-m ^’■oss-sectional lllfalsl ?el Us i'l fl ‘he dil- 

intersection. 'osuits in a difference in wing-body 


Longitudinal Aerodynamic Characterutics 

^ ^ " l^igure 5 presents the 

undeflected leading edges (6 r I ni at ^ P^'^sent configuration with 
and Pi‘tching-.Lenrcoeff?ai;,? orattack U^K ^ the 

curve slope and neutral point are oval intrari'^f'^ ^^irly linear. The lift- 
f'ospectively and are in reasnnftX ! 1 ^*037 deg“l and 0.5505 F 

values (0.036 and 0.5312 c) discus-'ed* theoretically predicted 

from about 2° to 4° the f nw >:<^fe»;ence 6. For angles of attack 

however, previous studies (see ref 5? panels remains well attached- 

indicated the existence of a visualization haJe ’ 

(^lonci the leadinq Gdqe of tlio formed close to the surfarp 

the existence of\h?s'\°Jhtiy Zincl JorteJ^-^T’ ‘w anticipaildf 

increase in longitudinal stability It accompanied by a 

;= 40, the data indicate the existence of ^^'^^ter thfn 

corresponding pitch-up tendency Thi<; roc ?. ''9^ increment and a 

tinh?/°''""*M°" clLsical wfrig-IL voil simulta- 

tightly wound vortex from the outboard i1n$ pane? ® separation of the 

corresponding dOt^filmlOfeTOOcll" f ^ 

which are identical to those of the'present mOnl 5 exhibit trends 

dyferences result in differences in^the 0.1 tOt ’ the geoinetric 

skin-friction and intellelnl from JOe redull 

fuselage and underwing nacelles IhelOOItl^ omission of the aft 

moment of the presentliodel f^ttXtOd pitching 

an fuselage (see ref. 5). The IffelOOeln h °'"’ssion of the down-loaded 
the two conf igurations is not well understonO ^ u ''°*'tex-lift increment for 
probably arises from the difference in^til^^^* t°^®ver, this difference 
affect the formation of the wing-apex vorticeOr^°'^^ intersection which may . 

Effect of leddinq-edne dpf]prf-inn ir,-^ -* 

uerodyngmic charact^fTjnJs-fSrtFf^nl tmn^u ‘''<= lonqttudipat 

deflection of the entice leading o|g|“;||‘Vl ?)” ‘L^ 

.n- no. 2j. As has been shown 


in 
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reference 5, this leadin(]-edqo deflection results in fairly well attached finw 
for angles of attack from about 0° to flo. angles of attack o?en?n^ ?h2 
80, flow-visualization studies show the onset of a classica/iLnin^^w 
^hm originating at about the mid-point of the wing semispan^^ ir^" 

1 S that at very low angles of -attack (a-<V)^ deflecting 

the leading edges, apparently results in flow separation on the lower wi Jo ® 
surfaces as evidenced by the nonlinearity in C, versus a. FiaSrf? IlL 
presents J°"9itudinal aerodynamic data from reference 5 for the comparable 

sent tests and reference 5 are senerany-si:?,'; to ?K“e ?e L?sed 

for the 5 l.e = 0° condition. As expected, with the leadino edoes deflcrt^H ° 

obtained over the angle-of-attack range tested. ^ 

5, F data for the conditions of 

iki^’ and 30 . As has been noted in reference 5, deflectino the winn 
inHncpH eliminate the. vortex flow reduces the undesirable vortex^ 

induced pi tch.-up tendency and also reduces the vortex related dr^n Tn n»nriav. 

evaluation of the performance improvement achieved bv 
leading-edge deflection, figure 8 also presents the theoretical oolaJf ^ 

lendinS^^Hno^ to the conditions of: ( 1.) minimum. induced drag (100-percent 
flow ittfl?hLnr?n°^ and (2) full leading-edge separation with no^subsequent 
SinofhoS ai " lea<i,ng-edge suction). These conditions are 


= %ym ^ 


0 ) 


and 


" ^Dsym ^ tan (Cl/Cl^) 


( 2 ) 


It should be noted that equations (1) and (2) are, of course, valid only for 

symmetric wings with no twist or camber and are presented herein solely to 

permit the aerodynamic performance (achieved by the various leadino-edL 

treatments) to be quantified. This is accomplished by introdu?i^S\he 

leading-edge suction parameter S (see ref. 12 for a comprehensive discussion 
of leading-edge suction) defined herein as ^unprenensive aiscussion 


S = .^D ~ [^Dsvm ^ tan (Cl/ClJ] 
Cl^/ AR - Cl tan (Ci_/Cl ) 


(3) 


It should be noted than in equations (2) and (3), the quantity Ci tan (Ci /Ci ) 
has been used in place of the more customary C[_ tana. (See ref. "12.) This ^ 
present notation has been introduced to Insure a common basis for comparison 
of leading-edge suction for the various leading-edge treatments. The value of 
^Osyin has been estimated for the present model tests using the relationship 
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( 4 ) 


^•^sym " ^Dnvjn ^ 




^^Dmin 


AR 


Evaluation of equation (4) yields = 0.0096. The value of Cl has been 
determined experimentally (for the linear, region, of Cl versus a) to be 0.037 
and, as mentioned previously, is in agreemen.t with theoretical results. 


Figure 9 presents the calculated values of leading-edge suction. As can be 
seen, the uniform 30° deflection results in substantially increased values rela- 
tive to the 5 l.e. = 0° condition. This result is similar to the results pre- 
sented in reference 5, wherein this uniform 30° deflection was intially 
considered. As pointed out in reference 5, the uniform 30° does not represent 
an optimum condition. In fact, the uniform 30® deflection is considered to be 
over^def lected in the apex region, while being under-^deflected further outboard. 

I his situation developed because the leading-edge system tested in reference 5 
was limited to four segments, and attempts to optimize the leading-edge deflec- 
tion by aligning the leading edge with the local upwash (as will be discussed) 
resulted in large discontinuities in contour. These large discontinuities were 
found to result in quite pronounced regions of separated' flow, which substan- 
tially degraded the performance. Consequently, the uniform 30® deflection was 
considered an appropriate compromise. 


In_ as much as the present configuration employed a multi-segmented leading 
edge (which could be capable of approximating a continuously warped surface), an 
attempt was made to optimize the spanwise variation of leading-edge deflection. 
The optimal leading edge is considered herein as one for which the leading edge 
IS aligned with the upwash along the entire span. Since a= 10® is representa- 
tive of the angle-of-attack condition for low-speed operations, attempts were 
made to obtain attached flow for angles of attack at least up to this condition. 

Figure 10 presents the theoretical spanwise variation of upwash (c) 
obtained with a vortex-lattice computational model at an angle of attack of 10® 
(see refs. 5 and 13). In general, for a swept hinge line, the angular deflec- 
tion required to align the leading edge with an upwash angle € would be 
defined by the standard relationship of swfap theory 


8l.E. = tsn-l 


(5) 


However, previous smoke flow-visualization studies (see ref. 5) have shown that 
the incoming flow is approximately perpendicular to the hinge line (f = 0®) and 
therefore, equation (5) yields the simple result that 5 l,e.'= 

With the model at oc = 10® and with the leading edge deflected to approximate 
the upwash schedule of figure 10, observtions of wool surface tufts revealed flow 
separation originating outboard. of y/(j /2 = 0.5. This result appeared to be 
attributal to the fairly sharp- corner introduced by rather high deflection about 
the simple hinge line. Accordingly, the leading-edge deflection of the 
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-Auctions 

ina Qdqe was then faired and^smoothed tn' •’’ult '-sepmonted'lead- 
The spanwise variation of leadino-edoe dPfinrfJAn^ leadino-edpe discontinuities, 
pared in fipure 11 with the theSreS^^M^^^ is com- 

schedule is seen to define a continurmci!!^!^^^^*^ The leadinq-edqe deflection 
inboard to 50° outboard '^This ImrMnn J!\ surface which varies from 16® 

with «l'’e’'"J?6S''!'|So' wl!fll°?io;rf ?3’nres^r™’' Sties obtained 

the previously discussed results'for ths^sf*^*^no‘^™2^?,^o'’'' 
be seen, the data for «l j = 6® - 50^ in Hck^ a?tar"^ef 
angles of atack from aboOro® to 10®; At ailS’es of*at£/ISn, 

o!5!'1he\ccuVencrof''tS?s°^Iadl™^ I?""*"" outtolrd’or?/”, = 

With the s??5srs??ch“rur;u^ci]??;?t’^ex=^?b^??:r2y'ihf5Stro^%“-^ 

warped lead.inq-Lge''geometry'''SL''r^^ 16®'’"^500? i’^Sre'’'' oohtinuously 

mi^1r?om"«^^,efklvl®Llhe’j?eJ?„2s^rj^"“ 

higher values of Ci the level of ipadinr ^ i]:®*, Cl~ 0.3). However, at 

5, it is anticipaLd thaf^L use'of f presented in reference 

increased levels of suction to be achieved for” ihe' MgMi?f c‘Lu^^^ 

been discuned*in''reference ir'^^Thrcrsnit^^'*'"'''^?''^ suction parameter has 

H»«®v|pcrattaShed7"ow”co;idit^ 

dL.f. ='16° - 50®'?orbo?rfa?rrS’^ 

impact of removinn the leadinn-edqe fairings is larJelvlimiJLtn 
in drag. This result correlates well with^ob^^rvHloJ^ ^Sfo? 
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during the limited flow visualization portion of the tests. Although no large 
regions of separation could be attributed to the removal of the segment 
fairings, the tufts were observed to be slightly more unsteady, thereby indi- 
cating localized regions of separation. Consideration of the leading-edge suc- 

loaHi shows that the discrete multi-segmented 

leading edge with 6l,e = 16° - 50° exhibits levels of the leading-edge suction 
parameter which are below those values achieved with the simple uniform 30° 
get lection. 




Lateral -Directional Character i sties 

Cpn figuration with undeflected leading edge .- Figure 17 presents the 
lateral-directional stability derivatives for the present configuration with 
undeflected leading edges. Also presented in figure 17 are cor?espondinr 

^ which, as previously mentioned, were, obtained with a 
model -which had the same wing geometry but incorporated a different fuselage and 
included under-wing nacelles. As can be seen from figure 17, both configurations 
exhibit neutrally stable values of static directional stability (Cp^) for angles 

tn o? ''S- greater than 40 (corresponding 

0 the angle of ^ttack for which the wing-apex-vortices are first evident), the 
con iguration exhibits a marked increase in C^g. This phenomenon has been 

observed previously (see ref. 5) and has been attributed to the interaction of 
the wing-apex voruices with the forward portion of the configuration. 

V configurations exhibit high 

levels of effective dihedral (C^o), as would be expected far the low-aspect- 

ratio wing. References 14 and 15 have shown that these high levels of 

typically result in Dutch roll instabilities and reversals in pilot-commanded 

reference 4 has also shown that, because of limited 
lateral -con Lrol capabilities (typical of low-aspect-ratio wings), the high 
values of would necessitate excessive approach speeds to meet currently 

accepted cross-v/ind landing reguirements. 

<-u interesting to note that although both the present configuration and 

the configuration of reference 5 exhibit about the same slope of versus a , 

the magnitude of for. the present configuration is reduced. This reduction’ 
in is believed to be due to the omission of the under-wing nacelles and to 

a difference in the aft wing-body intersection. 


£ffect of wing leading-edge deflection .- Figure 18 presents the lateral- 
directional stability derivatives for the configuration with 61 r = 0 ° 30° 
and 160 .. 500 as can be seen by comparison of the results presented, both of 
the deflected leading edge geometries resulted in a reduction in Cp^. The 

reduction in at low angles of attack is simply due to the deflected 

leading edge providing an increased vertical area forward of the moment 
reference center. At higher angles of attack, the dramatic reduction in Cpn 
is, of course, associated with the suppression of the wing-apex-vortices ^ 
Although this reduction in Cp. at hioh angles of attack'may appear to be 

adverse, previous studies (see ref. 17) have shown that positive increments in 
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when oririinating forward, of the center of gravity (as is the case considered 

accompanied hy undesirable reductions in damping in yaw. 

leading edge may also improve the high angle-of- 
>ttack directional stability characteristics. ^ 

^ figure 18 also indicate that deflecting the leading edge yields 

a favorable increment in Tbir. result is primarily due to thfsiSle 

increase in geometric anhedral which accompanies the leading-edge deflections 
Figure 19 presents these same data as the variation of with respect tS 

Cl for the various leading-edge deflections. Noted on the figures are the 
regions of separated and attached flow, as discussed in connection with figures 

coinpanson of the results presented for the 
conditions under which attached flow exists, positive increments in Ct^ of 

0..00016 and 0.00022 are obtained (relative to 5| c = 0°) for 5i c = 3 flO and 
160 - 500, respectively. and 

It should be noted, that for conditions of attached flow,. dC^^/aCL is 

5^ independent of leading-edge geometry and has a value of -0.0058. 

I ms value of Ci^/dCi is in excellent agreement with the value of -0.0061 
obtained from the Expression 


ac? /0 Cl = .i. • J_ • 

^ 3 AR 360 


( 6 ) 


which is developed in reference 18. The break in the slope of versus Cl 

is a product of flow separation. In as much as a properly designed configura- 
tion would be intended to operate with attached flow, the values of C?^ 'for 

are not applicable. Extrapolation of the attached 
.lo.v results to higher lift coefficients (as could be achieved with a simple 

^liat the configuration would exhibit values of 
0‘ adout -0.003 at a nominal approach lift coefficient of 0.6. 

•" results of the preceding section indica- 
te., that, a., expected, high values of are inherent to the' low-aspect-ratio 

Consequently, tests were conducted in order to determine the 
oenoit.viuy of Cj^ to additional geometric anhedral and to correlate these 

results with existing theory, ihese tests were conducted with the geometric 
anhedral increased at span stations y/t ,/2 = 0.234 and 0.736 (see fig. 1). The 
leading-edge geometry for the configuration during this phase of the study was 
!]n.^Ji^ the continuously warped 5 l.l. = 16° - 50° condition, which was pre- 
r? 1 + ex.nbit superior longitudinal performance. Examination of the 

tabulated data (presented in the data supplement at the end of this report) for 
the various anhedral angles tested shows that the longitudinal variables were not 
influenced by anhedral. The data further show that the geometric anhedral does 
noc have any significant effect on the directional stability characteristics.. 
Consequently, the discussion is limited to a consideration of the influence of 
geometric anhedral on C^,^. 
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ORIGINAL PAGE IS 
OF POOR DUALITY 

an<,-/cl'?„rtiSnTtesLd^' "I- 

that the values of Xi^tir (as datemlned b^criss-plottl^g'^n^ 

figure 20 ‘^showrthat'' 3cL“ar‘' increases'witrin °f the data of 

determine the additive'oifl^?^ o;"?S:^L1er“]:SeJSr're1,’,??s'; 1° 

rei:ltf(L“??’?1;rar1 Tien ?o c*!? ' ']? eieri™e“tal 

the «P-i«uta^/dlter.ined^•n‘crerK::!ie^:^ 

Figure 22 presents the theoretical variation of ^c? A'r = f +- ^ 

we^e^S£j:?S^:;?h"rS:SJ’?2?;icTS Th^^heoretical "s^uV 

TulZd fL7f?gurr20^;t cr=T2"and 

noted that although the ex^erin,;etal vaiHes o? 'Sc“X‘' Jave'b“Srlho“n tj* '' 

JKeo7eUc:i‘?esS?[s!^V"SrtS^™:?|\^S?h';h^"“^"^''^ 

and the experimental results are ken tn^he theoretical results 

anhedra). PPt‘-P""PP ‘he most effective means of incorporating such additional 

siders the casrvSrein’anhedral'*'!s' added"at''in^-'’h^^^II^ *" appendix con- 
anaiysis assumes that the wincffie%?o=!^ ®" span location. The 

required for the case where the iandine* unchanged as would be 

Obviously, under theL cmditiLs idSInf"’’ "p'" tPnstant. 

tions necessitates thl Siti^of ??hedJ»?*^T‘'’;f *"'>°P'-d loca- 

presented in tte appendix shrthIt fSf?bIsfr°''^-2-P‘' The results 

improvement in Cj iriegligible conditions, the net resulting 


SUMMARY OF RESULTS 


The results 


swept wings may be summarized as follows; 


T u-1- ycuiiietrn, anneorai on tl 

stability of configurations with highl; 


wing 


■lnex-:orU?;f Ll^oinotNn™ i?tSern:w’'cond????nt!"' "" 


2 . 

tion is 


Due to the spanwise variation 
a smooth, continuously warped 


of upwas 
surface. 


h, the optimal leading edge deflec- 
For the particular configuration 


ration studied, levels. of. leadinp-edqe suction on the order of 90-percent are 
achieved with a smooth, continuously varyinq leadinq-?edqe deflection correspond- 
ing to 16° at the. side-of-body and increasing to 50° at the wing tip, 

3. Small discontinuities in surface contour, introduced in an attempt to 
approximate the smooth continuously warped leading edge v/ith a series of discrete 
deflections of a multi-segmented leading-edge system, resulted in large incre- 
ments in drag and corresponding large reductions in the leading-edge suction 
parameter. . 

4. A uniform leading-edge deflection of 30^ (representing an average value 
of the continuously warped leading-edge deflection) provided higher values of 
the leading-edge suction parameter than provided by the discrete multi-segmented 
system. This result is apparently due to the elimination of the small surface 
discontinuities introduced by deflecting the individual segments through 
different angles. 

5. Deflecting the entire leading edge to achieved attached flow is found 

to provide a favorable reduction in the inherently high level of C^g which is 
associated with the low-aspect-ratio hig.ily swept wing. ^ 

6. The theoretical value of 8C^g/8CL is found to be in excellent 
agreement with experimental results for concfitions where attached flow exists. 

7. The inclusion of additional geometric anhedral to reduce the high 

levels of is found to yield values of ac^g/ar which are in reasonable 

agreement with theoretical estimates. 
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APPEiJDIX 


effect of Geometric Anhedral on 



The following simple analysis is intended to illustrate the effect. on 
of increasing the geometric anhedral of the configuration reported herein, 
analysis assumes that the wing-tip clearance remains unchanged, as would be 
required for the case wherein the landing gear length is held constant. 



Consider the w.ing semispan sketched in figure A-1. The spanwise location 
of the anhedral breaks, and the corresponding anhedral angles define the change 
in vertical height of the wing tip as 


Ztip = Ti (b/2 - yi) + To (b/2 - Vq) (A-1) 

where uhe subscripts i and o refer to the values associated with assumed 
inboard and outboard locations, respectively. Requiring Ztip = 0 and solving 
for To yields = nr y 



1 


- ^ 

b/2 



(A-2) 


As shown in the body of this report (see figs. 20 and 21), the increment in 
resulting from and Fq may be determined by linear combination; 
therefore 



Substituting equation (A-2) into equation (A-3) yields 


AC 




dFi 


- h. 

b/2 


1 - 


b/2 



(A-4) 


Evaluation of equation (A-4) shows that, for the variation of dC 2 g /dF presented 

in figure 22, maintaining constant wing-tip clearance would limit the favorable 
increments in C^^ to negligible values. For example, consider the result for 
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Tablo 

niiiionsionnl Characteristics of Model 


Winn: 


Reference area, (ft2) 

n QQ/i 

(8.972) 

1 Ci oon\ 

Gross area, m2 (ft2) 

n o T t j 

Span, m (ft) 

1 oan 

[ ^ . ocV j 

Root chord, ni (ft) 


133) 
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Tip chord, m (ft) 
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^ <1 • GO / } 
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Figure 3.- Comparison of fuselage cross-sectiu.ai areas of present model and mode 




Figuf* 5*' lonjrtufiinal wrwiynafnic cha.adenstics cf the configuralicn with S^E. 
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Figure 18.- Effect 
derivatives. 


of loadl„„-c.d6o deflection on Intcrnl-dlrcctlonnl ,tnl,uitv 
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DATA SUPPLEMENT 


The symbols used In the data tabulation are defined 


ALPHA 

BETA 

CD 

CL 

CM 

CRM 

CY 

CYM 


angle of attack, deg 
angle of sideslip, deg 
drag-force coefficient; stability .axis 
lift-force coefficient; stability axis 
pitching-moment coefficient; stability axis 
rolling-moment coefficient;, body axis 
side-force coefficient; body axis 
yawing-moment coefficient; body axis 


as follows: 


TABLE S~1 TEST. PROGRAM 


Run . 

0,deg 

^L.E 

_,deg 


.deg 

''2- 

deg 

1 

0 

( 

) 

0 

0 

2 , 

5 







3 

-5 







k 

-5 

3( 






5 

5 







6 

0 







12- 

0 

16-50 





13 

5 







lit 

-5 







18 

0 



6 



19 








20 

-5 







21 

-5 



k 



22 

5 . 







23 

0 







2k 

0 





1 

1 

25 

5 







26 

-5 







27 

-5 



2 

0 

28 

•5 







29 

0 







30 

0 



0 

11 

31 

5 







32 

-5 







33 

“5 





6 

31* 

5 







35 

0 







39 

0 

16-50 unfaired 




0 


I 

1 










Tt iT 


T£ ST 


TtST 


• -iTTV! 


'"flfru^W/irTT'-Tw: ' 




TABLE S-^2.- TABULATED DATA 




RUN 1 


beta. 

ALPHA 


.17 

-.08 

“5,64 

“.08 

“3.72 

“.07 

“X.72 

“ • u 6 

.19 

“.06 

3.25 

“.05 

4,25 

“.05 

6.34 

“.0^ 

f .5 7 

“.0^ 

10. M 

“.03 

12.69’ 

“.03 

14.74 

“.03 

15.10 

“.07 

.19 


RUN ^ 


^ETA 

^•9a 

<».92 

<r.91 

^.91 

4.90 

4. be 

4*66 

4.81 

4.77 

4.72 

4.67 

4.M 

4.60 

4.90 


ALPHA 

.15 

-5.72 

“3.75 

“1.75 

.17 

2.23 

4.24 
6.33 
6.43 

1C. 45 
12.67 
14.76 
it .01 
.15 


RLN 3 


beta 

“5.02 

“5.08 

“5.06 

“5,05 

“5.02 

“4.99 

“4.96 

“4.91 

“4.85 

“4.79 

“4.73 

“4.66 

“4.65 

“5.02 


alpha 

.24 
“5.63 
“3.64 
“ 1.66 
.26 
2.32 
4.36 
6.42 
6.54 
It . 57 
12.78 
14.86 
15.21 
.26 


59 


RUN <» 


BETA 
“5.03 
“5.10 
“5.08 
“5.06 
“5.03 
“5.00 
“4.96 
“4.92 
-4.88 
“4 . H 3 
“4.77 
“4.71 
“4 , 70 
“■-’.04 


alpha 
.20 
“5.71 
-3.72 
“1.70 
.23 
2.32 
4.30 
6.37 
8*45 
10.37 
12.53 
14*51 
1 4 , 

.24 


NASA LANGLEY 


.0906 
“.1296 
“.0493 
.025 6 
.0939 
.1700 
.2521 
.3456 
.4633 
.5700 
.6907 
.6019 
.8195' 
.0976 


CL 

.0926 

“.13C4 

“.0466 

.0268 

.0956 

.1706 

.2568 

.3497 

.4559 

.5507 

.6726 

.7923 

.P022 

.0996 


CL 
.0918 
“.1305 
-.0474 
.0246 
.0921 
.1677 
.2520 
. 3476 
.4481 
• 5554- 
.6732 
.7961 
.6150 
.0941 


CL 
.0751 
“. 1607 
“.0777 
.0028 
.0764 
.1564 
.2282 
.3049 
• 3870 
.4565 
. 5470 
.6230 
.6366 
.06 86 


.01 10 
.0169 
• 0118 
.0097 
. 0110 . 
.0156 
.026C 
.0442 
♦ 0754 
.1142 
.1667 
.2251 
.2356 
.0114 


CD 

.0107 

.0193 

.0117 

.0095 

.0108 

.0158 

.0267 

.0457 

.0742 

.1087 

.1612 

.2228 

.2295 

.0112 


CD 

.0113 

.0195 

.0122 

.C102 

.0113 

.0161 

.0270 

.0459 

.0741 

am 

.1634 

.2248 

.2359 

.0116 


CO 

.0141 

.0336 

.0221 

.0156 

• 01^5 

• C 164 
.0217 
.0317 
.0471 
*065 ^ 

• 0956 
. 1265 
. 1 34E 
. 01*^0 


CM 

.0128 
.0078 
• 0066 
.0098 
.0131 
.0160 
• 0160 
.0196 
.0290 
.0441 
.0625 
.0650 

.0893 

.0133 


CM 

.0130 

.0054 

.0074 

.0092 

.0134 

.0159 

.0181 

.0229 

.0329 

.0462 

.0655 

.0877 

.0905 

.0136 


CM 
.0123 
.0052 
.0077 
.0094 
.0121 
.01-4 7 
.0166 
.0224 
.0318 
.0444 
.0629 
.0639 
.0904 
.0126 


CM 
.0023 
“.0140 
“.0061 
“.0014 
.0024 
• 0054 
.0092 
.0110 
.0130 
.017? 
.0237 
.0323 
.0333 
.0027 




Of«G\NAl. 

OF 


page »s 

Q\m rr< 




7 X 10 HIGH SPFFO Tl'NNEl 


-•0003 

-.0010 

-.0006 

-.0003 

.0003 

.0000 

.0001 

.0003 

.0008 

.0001 

-.0001 

-.0008 

-.0007 

-.0001 


CRM 

-.0031 

.0031 

.0020 

-.0006 

-.003? 

-.00<.8 

-.0057 

-.0087 

-.0111 

-.0137 

-.0179 

-.0209 

-.0216 

•‘.0031 


CRM 

.0023 

-.0049 

-.0028 

-.0001 

.0024 

.0035 

.0053 

.0065 

.00<»2 

.0119 

.0143 

.0190 

.0196 

.0022 


CRM 
.0003 
-.0061 
-.0037 
-.0017 
.0001 
.0031 
.0053 
.0073 
.007? 
.0080 
.007? 
. 00“1 
.0086 
. OOC? 


CYM 

-.0003 

-.0005 

-.0005 

-.0003 

-.0003 

-. 000 ? 

-.0000 

.0002 

.0005 

.0011 

.0014 

.0016 

.0016 

-.0002 


CYM 

.0001 

-.0004 

-.0001 

.0001 

.0002 

.0004 

.0012 

.0033 

.0064 

.0083 

.0089 

.0094 

.0095 

.0001 


CYM 

-.0005 

-.00C6 

-.0008 

-.0007 

-.0006 

-.0005 

-.0005 

-.0026 

-.0043 

-.0063 

-.0060 

-.0056 

-.0054 

-.0007 


f Y** 
.0008 
.0008 
.0009 
.0011 
.0008 
.0004 
.0000 
-.0003 
.0014 
.0015 
.0017 
.0027 
.0029 
.OOOo 


.0009 
.001 8 
.0015 
.0010 
.0014 
.0015 
.0006 
.0006 
.0025 
.0034 
.0048 
.0064 
.0065 
.0025 


CY 

-.0101 
-.0113 
-.0100 
-.0094 
-.0099 
-.0099 
-.0116 
-.0069 
-. 0048 
-.0024 
-.0007 
-.0010 
-.0000 
-.0093 


C Y 

.0100 
.0136 
.0120 
.0106 
. 0098 
• 01C2 
.0104 
.0078 
.0060 
.004? 
.0051 
.0037 
.0043 
.0103 


CY 
.0146 
.0250 
.0213 
.0172 
.0159 
.01 42 
.0149 
. 016 ? 

• 0158 
.0129 
.0129 

• 01‘0 
.0143 
.0174 


TCST 


Tt5T 


TFST 


TEST 


TABLE S-2. 





NASA LANGLEY 

— 

D9 

RUN 

5 



BETA 


ALPHA 

CL 

CO 

^•91 


.11 

.0780 

• OIAO 

<r#93 


-5.79 

-.1598 

.0336 

<♦•93 


-3.82 

-.0789 

.0221 



-1.80 

.0026 

.0158 

<♦.91 


.!<♦ 

.C78A 

.0137 

<♦.69 


2.21 

• 15A3 

.0155 

<♦.67 


^.20 

.226<» 

.0209 

<^.C3 


6.27 

.2987 

.0290 

<♦.80 - 


e.30 

. 375<» 

.0428 

<♦.76 


10.27 

.A53A 

.0626 

<♦.71 


12.<t7 

.5<i50 

.0939 

<1.65 


14.6<i 

.6223 

.1284 

<♦.91 


.12 

..0780 

.0141 

!; 9 

RUN 

6 




BETA 

ALPHA 

CL 

CD 

-.06 

.11 

.0730 

.0137 

~.U8. 

-5.76 ^ 

-.1653 

.0340- 

-.08 

-3.79 

-.0854 

.0226 

-.07 

-1.78 

-.0013 

.0156 

-.06 

.13 

.0750 

.0135 

-.06 

2.20 

.1516. 

.0153 

-.05 

4.19 

.2224 

.0206 

-.04 

6.24 

.2945 

.0296 

— .04 

8.31 - 

.3744 

.0439 

-.04 

10.24 

.4488 

.0627 

-.04 

12.36 

.5316 

.0897 

-.03 

14.68 

.6330 

.1318 

-.06 

.11 

.0750 

.0140 


KUN 12 


6BTA 

ALPHA 

CL 

CO 

-.06 

.11 

.0632 

.0138 

-.08 

-5.75 

-.1733 

.0347 

-.08 

-2.81 

-.0968 

♦ 0235 

-.0 7 

-1.78 

-.0151 

.0164 

-.06 

.12 

.0629 

.0135 

-.06 

2.18 

. 1432 

.0149 

-.05 

4.17 

.2168 

.0190 

-.05 

6.23 

.2905 

.0269 

-.04 

8.20 

.3703 

.0399 

-.04 

10.21 

.4366 

.0552 

-.03 

12.33 

.51A5 

.0773 

-.04 

12.32 

.5144 

.0776 

-.02 

14.64 

.6022 

.1138 

-.06 

.12, 

.0640 

.0140 


RUN 13 


BLTA 

ALPHA 

CL. 

CD 

4.90 

.10 

.0651. 

. 0142 

4.9 3 

-5.87 

-.1744 

.0350 

4..93 

-3.90 

-.0967 

.0237 

4.92 

-1.89 

-.0137 

.0167 

4.90 

.06 

.0620 

.0141 

4.,88 

2.-09 

.1410 

.0146 

4.86 

4.11 

..2157 

.0187 

4.83 

6.15 

.-2932 

.0267 

4.80 

8.20 

.3621 

.03P1 

4.76 

IC.,16 

.4393 

.0555 

4.71 

12.30 

.5243 

.0823 

4.65 

14.62 

.6164 

.1188 

4.90 

.01 

.C620 

.0143 


CONTINUEIT. 



7 y 10 

HIGH SPEED 

TUNNEL 

CM 

CRM 

CYM 

CY 

.0026 

-.0009* 

-.0017 

-.0133 

-.0140 

.0040 

-.0020 

-.0220 

-.0066 

.0025 

-.0019 

-.0181 

-.0006 

.0009 

-.0019 

-.0151 

.0027 

-.0007 

-.0017 

-.0138 

.0060 

-.0034 

-.0011 

-.0119 

.0089 

-.0050 

-.0011 

-.0134 

.0121 

-.0065- 

-.0000 

-.0128 

.0154 

-.0081 

-.0003 

-.0108 

.0164 

-.0102 

-.0006 

-.0110 

.0223 

-.0089 

-.0008 

-.0097 

• 0332 

-.0107 

.0004 

-.0101 

.0022 

-.0010 

-.0018 

-.0134 


CM 

CRM 

CYM 

CY 

.0027 

-.0002- 

-.0003 

.0015 

-.0114 

-.0010 

-.0006 

.0029 

-.0042 

-.0008 

-.0004 

• 0026 

• 0001 

-.0002 

-.0004 

.0014 

.0023 

-.0002 

-.0003 

.0015 

.0058 

.0000 

-.0004 

.0016 

.0084 

.0010 

-.0004 

.0019 

.0107 

.0013 

-.0005 

.0022 

.0131 

.0005 

.0002 

.0016 

.0165 

-.0011 

.0010 

.0033 

.0227 

-.001? 

.0022 

.0064 

.0296 

-.0030 

.0033 

.0031 

.0033 

-.0001 

-.0003 

.0015 


CM 

CRM 

CYM 

CY 

.0101 

.0009 

-.0001 

.0011 

-.0038 

-.0002 

.0001 

.0012 

.0036 

.0002 

.0004 

.0011 

.0091 

.0007 

.0002 

.0007 

• 0100 

.0007 

-.0001 

.0008 

.0089 

.0009 

-.0002 

.0019 

.0105 

.0006 

-.0003 

.0019 

.0123 

.OCll 

-.000? 

.0023 

.0127 

.0009 

• 0001 

.0034 

.0166 

.0002 

.0014 

.0060 

.0227 

.0003 

.0007 

.0076 

.0228 

-.0000 

.0006 

.0085 

.0327 

.0012 

.0003 

.0078 

.0100 

.0011 

-.0001 

.0008 


CM 

CRM 

CYM 

CY 

.0095 

.0004 

.0001 

-.0136 

-.0066 

.0040 

-.001? 

-.0199 

.0016 

.CC?7 

-.0013 

-.0165 

.0070 

.0011 

-.0010 

-.0135 

.0099 

.0C09 

.0001 

-.0140 

.0103 

-.00?? 

.000? 

-.0131 

.0113 

-.0050 

-.0000 

-.0140 

.C116 

-.0064 

.0008 

-.0149 

.0143 

-*0087 

.0007 

-.01?3 

.0170 

-.oii;o 

-.0001 

-.0108 

.0237 

-.0111 

-.0011 

-.0066 

.035? 

-.01?? 

-.0019 

.0015 

.0097 

.0007 

.0001 

-.0131 




'ufuinqfLi 
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TAHLE S- 2 .- continued. 


Tf SI 


RUN 14 


OtTA 

-‘J.03 

-•j,Q9 

-i>.06 
-^.03 
-1? • 00 
-^•96 
~4.9^ 

“^•82 

-^.76 

-^♦09 

-!>.03 


alpha 
• ?0 
-t)..73 
-3.75 
-2.7<r 
• 2 

2.26 

<t.28 

6.31 
b.3 7 
10.31 
12.44 
14.81 
.19 


NASA LANGLF-Y 


CL 
.0656 
-.1703 
-.0906 
-.0113 
• 0649 
.1455 
.2170 
.2934 
.3678 
.4386 
.5202 
.6289 
.0670 


CO 

.0143 

.0346 

.0234 

.0166 

.0141 

.0154 

.0196 

.0280 

.0404 

.OSLO 

.0813 

.1241 

.0144 


TEST 


RON U 


BETA 
-.07 
-.09 
-.08 
-.07 
-.07 
- . 06 

-.05 

-.04 

-.04 

-.04 

-.03 

-.07 


ALPHA 

.13 

-5.70. 

-3.76 

-1.77 

.18 

2.23 

4.22 

6,26 

8.30 

10.24 

12.37 

14.63 

.15 


Test 59 


Rl N 19 


beta 

4.90 

4.93 

4.93 

4.92 

4.90 

4. 

4.86 

4.83 

4.80 

4.76 

9.71 

4.65 

4.90 


alpha 
• 16 
-5.79 
-3.E2 
-1.81 
.10 
2.18 
4.19 
6.23 
8.27 
10.23 
12.35 
14.61 
• 10 


Test s9 


R 0 N 2 y 


PETA 
-5.03 
-5.09 
-5.0b 
-".06 
-1 .w3 
-5 . 00 
-4,9b 
-4,92 

hb 

-4.82 

-4,76 

-4.b9 

-5.03 


alpha 
.18 
-5.71 
-3.72 
-1.73 
.21 
2.25 
4.2 7 
6.31 
^*.36 
IU.31 
12 .46 
14,78 
.18 


• 0666 
-.1606 
-.0811 
-.0034 
.0737 
. 1539 
.2262 
.2987 
.3773 
.4445 
.5186 
• 6026 
• C791 


CL 

• 06 76 
-.1655 
-.0865 
-.0085 

.0651 

.1429 

• 2160 
.2906 
.3605 
. 4359 
.5141 
.6136 
.0650 


CL 

.0616 
-.1693 
-.0903 
-.0140 
*0645 
.1414 
.212a 
.2850 
.3595 
. 4330 

• 5129 
. 6 1 29 

• O0( 1 


.0145 

.0344 

.0237 

.0171 

.0146 

.0163 

.0210 

.C292 

.0426 

.0583 

.0806 

.1142 

.0153 


CO 
.0145 
.0344 
.0234 
.0169 
• 0146 
.0156 
.0196 
.0274 
.0387 
.0558 
.0811 
.1196 
.0146 


CP 
• 0142 
.0348 
.0236 
.01 7r 
.0144 
.0155 
.0I9^ 
.027 a 
. 0392 
.0558 
• ObCO 

.119 3 
. 0 1 A A 


ORIGINAL 
Of POOR 


page *?• 


7 y 10 HIGH SPFfO TlINNfL 


CH 

.0084 

-.0067 

.0009 

.0066 

.0062 

.0087 

.0106 

.0122 

.0137 

.0167 

.0232 

.0331 

.0087 


CPP 
.0005) 
-»0036 
-.0020 
-.0005 
.0006 
.OC 28 
.0051 
.0068 
.0088 
.0110 
.0103 
.0066 
.0001 


CYM 

-.0001 

.0012 

.0013 

.0008 

-.0001 

-.0006 

-.0007 

-.0007 

-.0004 

-.0001 

.0008 

.0005 

-.0001 


CY 
.0136 
.0206 
.0168 
.0142 
.0133 
.012<s 
.0142 
.01 56 
.0156 
.0127 
.0117 
.0095 
.0142 


.0103 

-.0027 

.0036 

.0083 

.0101 

.0007 

.0116 

.0131 

.0136 

.0185 

.0253 

.0344 

.0103 


CM 
.0099 
-.0050 
.0012 
.0069 
.0099 
.0112 
.0125 
.0125 
. 01(6 
.0204 
. 0266 
.0364 
.0098 


CM 
.0085 
-.0050 
.00)4 
.0067 
.00^6 
.0004 
.0)16 
.0130 
.0160 
.0103 
. 02 ! 1 
.032 5 
. (iCI )' 4 


CRM 
.0002 
-.0C03 
.0006 
.0006 
.0003 
. 00C6 
.0004 
.0006 
.0007 
.0002 
-.0000 
.0001 
. 000 ? 


CRM 

.0030 

.0067 

. 00*=2 

.0040 

.0028 

.0000 

-.0025 

-.0044 

—.0065 

-.0089 

-.0097 

-.0087 

.C032 


CRM 
-.0010 
-.0055 
-. OCaO 
-.0C32 
-.00 If 
.0012 
.0071 
.004 3 
.Of f P 
.00 8 8 
.OOP 4 
.00' 1 


CYM 

.0001 

.0005 

.0007 

.0006 

.0001 

-.0001 

-.0002 

-.0003 

.0001 

.0013 

.0009 

-.0002 

.0001 


CYM 
.0005 
-.0007 
-.0008 
-.0004 
.0005 
.0009 
.0009 
.0016 
• 0012 
.0005 
-.0011 
-. 00)6 
.0006 


CYM 
-.C0C2 
.0016 
. 00 1 6 
.0008 
-.0001 
-.0007 
-. 000<i 
-. 001 ) 
-.0006 
-.OOOQ 
.0001 
. 001 ? 


.0014 

.0022 

.0014 

.0009 

.0020 

.0025 

.0029 

.0044 

.0044 

.0075 

.0082 

.0089 

.0032 


CY 

-.0166 

-.0242 

-.0205 

-.0174 

-.0159 

-.0155 

-.0160 

-.0170 

-.0164 

-.0142 

-.0094 

-.0026 

-.0168 


CY 

.0136 

.0211 

.0170 

.0146 

.0140 
• 0 J 3 •» 
.0141 
.0162 
.017? 

. 01 ^<1 
.012) 
.0103 
.01 10 


TABLE S-2.- CONTINUED 


NASA \L ANGLFY 


7 Y 10 HIGH SPFFD TUNNEL 


U ST 


t 

BETA 

HUN ?1 

ALPHA 

cl\ 

CO 

CM 


CYI^ 

CY 

-5.03 

.19 

.0675 \ 

.OlA? 

.0083 

-..OOIA 

-.0001 

.0-151 

-5.10 

-5.70 

-.1617 \ 

.0337 

*•.0085 

-.OCA A 

.0017 

.0220 

-5.0U 

-3.71 

-.0826 \ 

.0226 

•0008 

-.0035 

.0016 

.0176 

-5.06 

-1.70 

-.0032 \ 

.Ol6A 

.0061 

-.0022 

.0009 

• 0157 

-5.03 

.21 

.0713 \ 

.OlAA 

.0081 

-.0011 

-.0001 

.0157 

-5.00 

2.26 

.1516 \ 

.0161 

.0092 

.OOIA 

-.0007 

.01 50 

-A.96 

A. 2 8 

.2250 \ 

.0207 

.OllA 

..0035 

-.0008 

. 03 69 

-A. 92 

6.31 - 

.2973 ' 

t .02P» 

.0119 

.OOAfi 

-.0010 

.0162 

-A.BH 

H . A2 

.37A0 

\ .OAlf 

.0157 

.0C6A 

-.0005 

.0196 

-A.h2 

IC .3A- 

. AA75 

\ .05-85 

.ciei 

.0098 

-.0005 

.03 5? 

-A. 76 

12. AH 

• 5272 

\ .0835 

.02A2 

.0005 

• GOOA 

.0126 

-A. 69 

1A.E2 

.6309 

\ .1251. 

.0373 

.006? 

.0009 

.0101 

- V . 0 3 

.22 

.077A 

\ .C1A8 

.COEl 

-.0009 

.t 001 

.016" 


UST 




KUN 


2? 


TA 

Al PHA 

CL 

\ CO 

CN 

CRM 

C YM 

CY 

90 

.11 

.0688 

. UA3 

.0093 

.0017 

.0003 

-.01A5 

93 

-5.77 

-.1639 

.C\337 

-.0058 

.0058 

-.0010 

-.0?17 

93 

-3.79 

-.0952 

.0731 

.0019 

.OCAO 

-.0011 

-.0179 

92 

-1.76 

-.0030 

.01X62 

.0070 

.0026 

- • u 0 0 6 

-.0156 

90 

.lA 

• 0686 

.Ol\l 

.0090 

.0019 

.OOOA 

-.01 A6 

68 

2.21 

.1A82 

.0U\3 

.OlOA 

-.0009 

.0007 

-.0139 

86 

A. 25 

.2251 


.0121 

-.0033 

.0007 

-.015? 

63 

6.27 

.2971 

.0?76\ 

.0121 

-.0056 

.0012 

-.01A6 

eo 

8.32- 

.3711 

.C397\ 

.0160 

-.0C7A 

.001? 

-.0157 

76 

1C. 30 

. AA51 

.OGTc \ 

.0183 

-.0095 

.0007 

-.0121 

71 

12. AO 

.5232 

.0836 \ 

.0253 

-.0098 

-.0009 

-.0065 

65 

lA.e2 

.611« 

.1165 \ 

.0371, 

-.0109 

-.0019 

-.ora3 

90 

.15 

. 0733 

.OlAA \ 

.0101 

.001' 

.C003 

-.01 AO 


UST 


b9 


)^UN 


TEST 


^9 


HcTA 

ALPHA 

CL 

CO 

\ CM 

CRM 

C YM 

CY 

-.06 

.11. 

.0620 

.013A 

\ .0092 

.0005 

.0001 

-.0000 

-.08 

-5.76 

-.1710 

.03A1 

A. 0026 

-.0002 

.OOOA 

.OOOA 

-.06 

-3.79 

-.0935 

.0230 

\00A2 

.0003 

.OOOA 

.0000 

-.07 

-1.76 

-.0125 

.0162 

.\l087 

.0005 

.0003 

.0003 

-.06 

.lA 

.06A0 

.0137 

.x\09 2 

.0007 

.0002 

.0003 

-.06 

2.22 

.1A60 

.01A6 

.0\)91 

.0007 

-.0001 

.OOOA 

-.05 

A. 18 

.2165 

.0188 

.OITB 

.OOOA 

-.0001 

.0006 

-.«JA 

6.-2 2 

.2856 

.C26A 

.oi*\a 

.0011 

-.0003 

.CCIO 

-.OA 

8.33 

.3708 

.C397 

.013^3 

.0007 

.0002 

.0021 

-.UA 

10.30 

.A377 

.0550 

.017‘A 

.OCO? 

.C015 

.OOAl 

-.C3 

12.33 

.5078 

.0763 

.0239\ 

-.0001 

.OOOA 

.0C57 

-.02 

lA,t2 

.591A 

.110? 

.0336 \ 

.0015 

-.OOOA 

.0028 

-.06 

.12 

.0635 

.0132 

.0092 

-.0000 

.0001 

.0C05 


RUN 2A 




\ 



BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

-.06 

.13 

.067A 

.0139 

.0096 

.0006 

.0000 

.0009 

-.06 

-5.70 

-*1557 

.0320 

-.0060 

-•OOOA 

.0001 

.OCIA 

-• Oy 

-3.77 

-.08A3 

.022A 

.0027 

-.000? 

.0001 

.0019 

— • ^ 7 

-1.78 

-.0071 

.CH 3 

.0076 

.0003 

.OOC? 

.0013 

— . C 7 

.13 

.0693 

.0136 

.009A 

.0005 

.0000 

.001 1 

-.06 

?.?1 

. 1505 

.0153 

.0095 

.0( 0? 

-.0003 

.0025 


“tO? 

-.0^ 
-.OA 
•• JT 

“.C7 


A,XH 

^.30 
IC ,22 
12*23 
lA.t-3 
• Tj 


.2189 

.?9A3 

.36fc6 

.'370 

.t>OED 

.5960 

.07A? 


.0195 

.0270 

.0AC9 

. 0*^65 

.07k? 

.1113 

.01 AO 


.0110 
.01 
. 01 ! 1 
.01C9 
• C270 
.0371 
.0101 


.0005 

.0006 

.OOOF 

.0001 

-. 000 ' 

.0005 

.0005 


-.0003 

‘. 000 ? 

.0001 

.0013 

.0006 

-.0010 

.0001 


. 002 ? 
.0025 
.0036 
.006? 
.00 75 
.00 76 
. 002 ? 



TABLE S-2.- CONTINUED 


NASA LANCLtY 


7 y 10 HIGH SPFFO THNNFI. 


It FT 


»UN 


•u r A 


ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 



.1C 

.ie>37 

.0138 

.0068 

.0037 

.0017 

-.0190 

^*43 


-5.78 

-.1591 

.0325 

-.0082 

.0061 

-.0006 

-.0228 

4. ‘>3 


-3.83 

-.-08 5 2 

.0226 

-.0001- 

.0052 

-..0006 

-.0194 



-1 .62 

-.0076 

.0163 

.0062 

.0043 

.0004 

-.OlBl 

<t.90 


.C9 

.0636 

.0137 

.0090 

.0036 

.0019 

-.0191 



2.16 

.1421 

.0149 

.0111 

.003 1 

.0020 

-.0179 

rh 


4.16 

.2145 

.0168 

.0130 

-.0018 

♦ 0015 

-.0185 



6.24 

.2900 

.027? 

.0133 

-.0036 

.0026 

-.0185 

<».bO 


b.2 8 

.3629 

.0392 

.0161 

-.0063 

.0024 

-.0171 

7f 


io.2fl 

.4383 

.0566 

.022? 

-.0081 

.0019 

-.0161 

^•71 


i?.35 

.5120 

♦ 0815 

.0280 

-.0075 

.0000 

-.0141 

^.65 


14.60 

.6003 

.1163 

.0409 

-.009? 

-.0001 

-.005? 

<t.^U 


.C9 

.0658 

.0139 

• 0090 

.0031 

.0017 

-.0179 


RUN 

26 









ALPHA 

CL 

CO 

CM 

CRM 

CYM 

CY 

-!>,03 


.19 

.0635 

.0138 

• COel 

-.0024 

-.0016 

.0171 

-t .09 


-5.70 

-.1617 

.C327 

-.OICO 

-.0053 

.COlO 

.0225 



-3.72 

-.0857 

.0225 

-.00C4 

-.0040 

.0010 

.0185 

-5.05 


-1.71 

-.C068 

.CI61 

.0051 

-.0027 

.0000 

.0168 

-5.03 


.20 

.0616 

.0138 

• OC80 

-.0022 

-.0015 

.0168 

-5 . 00 


2.26 

.1403 

.0148 

.0099 

-•OOCO 

-.0019 

.0160 

-4.96 


4.30 

.2138 

.0194 

.0114 

.0026 

-.0019 

.0166 

-4.92 


6.31 

.2670 

.0273 

.0136 

.0040 

-.0020 

.0175 

-4.8b 


6.38 

.3613 

.0399 

.0172 

.0053 

-.0016 

.0201 

-4.81 


10.44 

.4369 

.0569 

.0209 

.0082 

-.0019 

.0154 

-4.76 


1?.46 

.5092 

.0798 

.0271 

.0091 

-.0016 

.0139 

-4.69 


14.79 

.6122 

.1194 

.0370 

.0062 

.0001 

.0089 

-5.23 


.21 

.0654 

.C139 

.0087 

-.0025 

-.0016 

.0170 

39 

RUN 

27 







BETA 


ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

J3 


.19 

.0703 

• 0141 

.0070 

-.0008 

-.0001 

.0131 

-5.09 


-5.71 

-.1632 

.0339 

-.0075 

-.0046 

.0015 

.0210 

-5. OB 


-3.73 

-.0860 

• C230 

.0010 

-.0028 

.0016 

.0159 

-5.06 


-1.71 

-.C045 

.0164 

.0062 

-.0015 

.0010 

.0144 

-*j . 03 


.24 

.0740 

.0142 

.0077 

-.0004 

-.0003 

. 03 31 

-!;.ao 


?.27 

.1531 

.C156 

.0086 

.0015 

-.0005 

.0139 

-4.96 


4.30 

.2264 

.0202 

.01C2 

.CC4C 

-.0007 

.0142 

-4.92 


6.33 

.3017 

.0289 

.0121 

.0050 

-.0006 

.0165 

-4.88 


8.41 

.3770 

.0417 

.0137 

.00 70 

-.0002 

. 03 66 

-4.8 2 


10.34 

.4462 

.C577 

.0161 

.0093 

-.0004 

.0129 

-4.76 


12.49 

.5279 

.0030 

.0225 

.0101 

.0001 

.0106 

-4.69 


14.83 

.6362 

.1255 

.0330 

.006? 

.0004 

• CC81 

-5.0? 


.22 

.0775 

.C145 

.0077 

-.0005 

-.0001 

.0139 

5 9 

RIN 

28 







Rt TA 


ALPHA 

CL 

CO 

CM 

CRM 

CYM 

CY 

4.90 


.10 

.0668 

.0141 

.OCOl 

.0013 

.0003 

-.014C 

4.93 


- 5 . 8 u 

-.1659 

.0341 

-.0C66 

.0044 

-.0010 

-.0202 

4.92 


-3.64 

-.0884 

.0234 

.0016 

.0033 

-.0012 

-.0164 

4.9? 


-1.84 

-.0076 

.0168 

.0065 

.0019 

-.0007 

-.0143 

4.90 


.09 

.0673 

.0141 

• 0088 

.0015 

.0003 

-.0141 

4 ♦ 0 d 


2.17 

.1478 

.OIM 

.0104 

-.0013 

.0006 

-.0135 

4.8 6 


4.17 

.2190 

.0180 

.one 

-.0044 

.0004 

-.014? 

4.63 


6.22 

.2981 

.0271 

.3115 

-.006:5 

.0008 

-.0146 

4. do 


8.27 

• ?698 

.C3F9 

.0137 

-.0088 

.0008 


4.76 


10.23 

.4433 

.0566 

.0157 

-.011? 

.0005 

-.0113 

4.71 


12.39 

.5234 

.0826 

.0224 

-♦Oil? 

-.0008 

-.0088 

4.^5 


14.62 

.on 

.1174 

.0?" 3 

-.0127 

-.0013 

-.0009 

4,90 


.f 9 

.0672 

.C141 

.00^ 9 

.0010 

.one? 

-.014? 




\ ' ’ 








U,: • 









V' ' 

* 







Tf ^ T 


TbST 


test 


TEST 




"WBJWWIlIpppPi 








TABLE S-2.- CONTINUED. 


«LN ?q 


‘^ETA 

AL PHA 

-# 06 

• 12 

-toa 

-‘>•76 

-•OH 

-3.P0 

- • 0 7 

-U7H 

-•06 

• 14 

-•06 

2.18 

-•Ob 

4.20 

- • L A 

6.22 

-•04 

8.2 9 

-•04 

10.24 

-•03 

12.40 

-*u2- 

14. .6 3. 

- • 06 

.12 


b9 

RL’N 3C 

afcTA 

ALPHA 

“ • 06 

.12 

-.06 ' 

-5.73 

-. JU 

-3.78 

-.07. 

-1.77 

— • w6 

.15 

-.06 

2.20 

-.05 

4.26 

-.05 

6.25 

-.04 

8.30 

-.04 

10.25 

-.03 

12.37 

-.02 

14.64 

-.06 

.15 


59 

RUN 31 

8l T A 

ALPHA 

4. 90 

.09 

4.93 

-5 . 80 

4.92 

-3.81 

4.92 

-1.79 

4.90 

.15 

4.88 

2.18 

cc 

4.21 

4.63 

6.24 

4.80 

8.32 

4.76 

10.27 

4.71 

12.44 

4.65 

14.63 

4.90 

.11 


59 

RUN 32 

BETA 

ALPHA 

-5..03 

.20 

-5.09 

-5.71 

-5.u8 

-3.76 

-5.05 

-1.72 

-5.03 

• 16 

-b. 'jO 

2.26 

-4.96 

4.26 

-4^92 

6.28 

-4.88 

B.3 7 

-4.82 

K.32 

-4,76 

12.4*» 

-4.69 

14,80 

-5,03 

.17 


NASA I. ANr.Lt Y 


CL 

CO 

.0656 

.0138 

-•1721 

• .0345 

-.0921 

.0233 

-.0116 

.0164 

.0668 

.0138 

.1474 

.0147 

.2193 

.0189 

.-2925 

.0267 

.3692- 

.0397 

.4393 

.0555 

.5176 

.076 4 

.5^997 

.1116 

.0641 

.0138 


CL 

CO 

.0659 

..0136 

-.1628 

.0333 

-.0896 

.0230 

-.0084 

.0163 

• 0 6 8 a 

.0138 

.1489 

.0148 

.2213 

.0194 

.2925 

.0272 

.3-716 

.0408 

.4395 

.0566 

.5129 

.0781 

.6013 

.1132 

.0728 

.0138 


CL 

CO 

.06<r8 

.0136 

-.1613 

.032^ 

-.0863 

.C225 

-.0060 

.0160 

.0662 

,C136 

.l<t62 

.01^6 

.2191 

.01>^6 

.29S0 

.02 70 

.3712 

• C 3 9 6 


.0569 


.0843 

.6105 

.1183 

.0686 

.0136 


CL 

CO 

.0666 

.0140 

-.1613 

.0329 

-.0859 

.0226 

-.0075 

.0161 

• C662 

.0138 

. 1463 

.0151 

.2174 

.0192 

.2906 

.0276 

. 3642 

.0401 

. 4386 

.05^5 

• f206 

.0620 

.^6202 

.1211 

.0660 

.0139 


7 Y 10 


CH 

CRH 

► 0091 

.0007 

► 0041 

-.0004 

► 0037 

-.0005 

,0076 

.0007 

,0097 

.0007 

,0079 

.0003 

0094 

.0002 

0109 

.0001 

0114 

.0001 

0157 

-.0006 

0220 

-.0009 

0310 

.0002 

0089 

.0006 


CH 

CPI* 

.0088 

.0002 

-.0085 

-.0005 

.0019 

.0000 

.0071 

.0007 

.0090 

.0006 

.0082 

.0006 

• Old 

.0003 

.0131 

.0007 

.0127 

.0011 

.0179 

.0002 

.0246 

-.0002 

.0337 

.0007 

.0102 

-.0003 


CM 

CRM 

.0081 

.001<3 

-.0097 

.00A8 

-.C009 

.C03P 

.0054 

.0025 

• 0088 

.0021 

.0096 

-.0012 

.0112 

-.003P 

;oi 2 i 

-.0051 

.0153 

-.0076 

• 0188 

-.0090 

.0265 

-.0096 

.0377 

-.0116 

.0081 

.00^1 


CM 

CkM 

.0068 

-.0010 

-.0107 

-.0CA9 

-.0015 

-.oc?? 

• 0046 

-.0015 

.0070 

-.0009 

• 0088 

.001? 

.0107 

.003P 

.0121 

.0054 

.0150 

.0070 

• 0U2 

.0093 

.0239 

.0009 

.0 3 50 

.0068 

.0073 

-.0C12 


I6H SPRED 

tunnel 

CYM 

CY 

-.0001 

-•0001 

.0003 

.0008 

• 0002 

.0009 

• 0002 

-0002 

-.0000 

.0007 

-.0001 . 

-0010 

-.000? 

.0006 

-.0004 

.0018 

-.0000 

.0024 

♦ 0013 

.0051 

.0003 

.0070 

-.0006 

.OOM 

-.0001 

-.0002 


CYM 

CY 

-.0001 

.0009 

.0002 

.0015 

.0002 

.0011 

.0004 

.0005 

-.0000 

.0010 

-.0002 

.0012 

-.0003 

.0021 

-.0001 

.0027 

.0001 

•X)023 

-0013 

-005 7 

.0006 

.0056 

-.0011 

.0064 

-.0001 

.0013 


CYM 

CY 

.0014 

-.0170 

-.0006 

-.0212 

-.0007 

-.0182 

.0001 

-.0169 
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